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$ 1RYHO 2SSRUWXQLVWLF 6SHFWUXP 6KDULQJ 6FKHPH IRU &RJQLWLYH $G
+RF 1HWZRUNV
0RKDPHG $ .DOLO )ORULDQ /LHUV 7KRPDV 9RONHUW DQG $QGUHDV 0LWVFKHOH7KLH
PRKDPHGDEGUDERX|I RULDQOLHUV|WKRPDVYRONHUW|PLWVFK#WXLOPHQDXGH
,QWHJUDWHG +:6: 6\VWHPV *URXS
)DFXOW\ RI &RPSXWHU 6FLHQFH DQG $XWRPDWLRQ
78 ,OPHQDX *HUPDQ\
$EVWUDFW 1RZDGD\V ZLUHOHVV DG KRF QHWZRUNV DUH XVLQJ D VWDWLF VSHFWUXP DOOR
FDWLRQ ZKLFK OHDGV WR FRQJHVWLRQ LQ WKLV VSHFWUXP SDUWV DV WKH QXPEHU RI GHYLFHV
LQFUHDVHV 2Q WKH FRQWUDU\ D VLJQLI FDQW SRUWLRQ RI WKH VSHFWUXP LQ OLFHQVHG EDQG
HJ 79 EDQG LV QRW XWLOL]HG &RJQLWLYH UDGLR &5 LV D SURPLVLQJ WHFKQRORJ\ WR
VROYH WKH VSHFWUXP LQHII FLHQF\ SUREOHP LQ DG KRF QHWZRUNV %DVHG RQ &5 WKH XQOL
FHQVHG VHFRQGDU\ XVHUV ZLOO XWLOL]H WKH XQXVHG VSHFWUXP RI WKH OLFHQVHG SULPDU\
XVHUV LQ DQ RSSRUWXQLVWLF PDQQHU $V D UHVXOW WKH DYHUDJH VSHFWUXP XVDJH ZLOO EH
LQFUHDVHG +RZHYHU WKH VXGGHQ DSSHDUDQFH RI SULPDU\ XVHUV ZLOO KDYH D QHJDWLYH
LPSDFW RQ WKH SHUIRUPDQFH RI VHFRQGDU\ XVHUV VLQFH VHFRQGDU\ XVHUV PXVW HYDFXDWH
WKH RFFXSLHG FKDQQHO DQG KDQGRII WR DQRWKHU XQXWLOL]HG RQH 7KLV SURFHVV FRQWLQXHV
WLOO DQ XQOLFHQVHG XVHU I QLVKHV KLV WUDQVPLVVLRQ :H ZLOO QDPH WKLV SURFHVV FRQ
VHFXWLYH VSHFWUXP KDQGRII &6+ ,Q RUGHU WR LQFUHDVH WKH SHUIRUPDQFH RI &5 WKH
QXPEHU RI FRQVHFXWLYH VSHFWUXP KDQGRIIV VKRXOG EH UHGXFHG ,Q WKLV SDSHU D QRYHO
RSSRUWXQLVWLF VSHFWUXP VKDULQJ VFKHPH XQGHU D KHWHURJHQHRXV VSHFWUXP HQYLURQ
PHQW RI OLFHQVHG DQG XQOLFHQVHG EDQGV LV LQWURGXFHG ,Q WKLV VFKHPH WKH OLFHQVHG
FKDQQHOV ZLOO EH XVHG DV RSHUDWLQJ FKDQQHOV DQG WKH XQOLFHQVHG FKDQQHOV ZLOO EH XVHG
DV EDFNXS FKDQQHOV ZKHQ WKH SULPDU\ XVHU DSSHDUV 6LQFH WKH XQOLFHQVHG FKDQQHOV
DUH QRW LQWHUUXSWHG E\ SULPDU\ XVHUV QR PRUH VSHFWUXP KDQGRII LV QHHGHG
.H\ZRUGV 2SSRUWXQLVWLF VSHFWUXP VKDULQJ &RJQLWLYH DG KRF QHWZRUNV
 ,QWURGXFWLRQ
$V WKH QXPEHU RI ZLUHOHVV DG KRF GHYLFHV LQ XQOLFHQVHG EDQG LQFUHDVHV WKH EORFNLQJ SUREDELOLW\
IRU QHZ GHYLFHV LV ULVLQJ VLQFH WKLV EDQG VXIIHUV IURP I [HG VSHFWUXP DOORFDWLRQ 2Q WKH FRQ
WUDU\ WKH )HGHUDO &RPPXQLFDWLRQ &RPPLWWHH )&& UHSRUWV WKDW  SHUFHQW RI WKH VSHFWUXP LQ
OLFHQVHG EDQGV DUH QRW XWLOL]HG >WHF@ 7KHUHIRUH D QHZ WHFKQRORJ\ VKRXOG EH DSSOLHG WR PDNH
WKLV IUHH VSHFWUXP DYDLODEOH DQG WR UHGXFH WKH FDSDFLW\ SUREOHPV LQ WKH XQOLFHQVHG EDQG &RJQL
WLYH 5DGLR &5 >0LW 00@ LV VXFK D WHFKQRORJ\ ,W LV H[SHFWHG WR EH D NH\ FRPSRQHQW RI
IXWXUH ZLUHOHVV DG KRF V\VWHPV DQG ZLOO HPSRZHU ZLUHOHVV GHYLFHV ZLWK WKH FDSDELOLW\ RI G\QDP
LFDOO\ DFFHVVLQJ WKH HQWLUH VSHFWUD 7KLV JRDO FDQ EH UHDOL]HG RQO\ WKURXJK G\QDPLF DQG HII FLHQW
VSHFWUXP PDQDJHPHQW WHFKQLTXHV
&5 WHFKQRORJ\ LV EXLOW RQ WKH VRIWZDUH GHI QHG UDGLR 6'5 WHFKQRORJ\ ZKLFK KDV EHHQ LQWUR
GXFHG DV D NH\ HQDEOHU IRU '\QDPLF 6SHFWUXP $OORFDWLRQ QHWZRUNV :LUHOHVV GHYLFHV ZLWK 6'5
   9ROXPH  
$ 1RYHO 2SSRUWXQLVWLF 6SHFWUXP 6KDULQJ 6FKHPH IRU &RJQLWLYH $G +RF 1HWZRUNV
)LJXUH  $G KRF XVHUV FRH[LVW ZLWK SULPDULHV
FDQ UDSLGO\ UHFRQI JXUH WKH RSHUDWLQJ SDUDPHWHUV VXFK DV IUHTXHQF\ UDQJH PRGXODWLRQ W\SH DQG
PD[LPXP WUDQVPLVVLRQ SRZHU DFFRUGLQJ WR WKH VXUURXQGLQJ HQYLURQPHQW ,Q '\QDPLF 6SHFWUXP
$OORFDWLRQ QHWZRUNV WKH VHFRQGDU\ XVHUV 68V ZLWK 6'5 VXSSRUW FDQ SHULRGLFDOO\ VHDUFK DQG
GHWHUPLQH XQXVHG FKDQQHOV LQ WKH VSHFWUXP %DVHG RQ WKH VFDQ UHVXOWV 68V FDQ FRPPXQLFDWH
ZLWK HDFK RWKHU ZLWKRXW LQWHUIHULQJ WKH SULPDU\ XVHUV 38V )LJXUH  VKRZV D &5 QHWZRUN VFH
QDULR ZKHUH DG KRF XVHUV FRH[LVW ZLWK 38V ,Q WKLV I JXUH 68V RSHUDWH LQ D PL[HG HQYLURQPHQW
WKDW FRQVLVWV RI OLFHQVHG DQG XQOLFHQVHG EDQGV 68V RSHUDWH LQ WKLV KHWHURJHQHRXV HQYLURQPHQW
ZLWKRXW LQWHUIHUHQFH ZLWK 38V
$Q LQWHUHVWLQJ RYHUYLHZ RI &5 DQG FXUUHQW FKDOOHQJHV LQ WKLV WHFKQRORJ\ ZDV LQWURGXFHG LQ
>$/90 $/90@ 0RUHRYHU WKH &5 QHWZRUN IXQFWLRQV VXFK DV VSHFWUXP PDQDJHPHQW
VSHFWUXP PRELOLW\ DQG VSHFWUXP VKDULQJ DUH H[SODLQHG WKHUH LQ GHWDLO
$FFRUGLQJ WR >$/90 1H[@ 68V LQ QH;W *HQHUDWLRQ [* QHWZRUNV FDQ RSHUDWH LQ ERWK OL
FHQVHG DQG XQOLFHQVHG EDQGV 'HVSLWH D ORW RI UHVHDUFK WZR SUREOHPV KDYH QRW EHHQ DGGUHVVHG VR
IDU )LUVW PRVW RI WKH UHVHDUFKHUV DUH IRFXVLQJ RQ WKH EHKDYLRU RI 68V LQ WKH OLFHQVHG EDQG VXS
SRVLQJ WKDW WKH XQOLFHQVHG EDQG LV DOUHDG\ VDWXUDWHG DQG WKHUHIRUH WKH HIIHFW RI XQOLFHQVHG EDQGV
LV QHJOHFWHG 6HFRQG DOWKRXJK WKH DYHUDJH VSHFWUXP XVDJH ZLOO EH LQFUHDVHG ZKHQ DSSO\LQJ
&5 WKH FRQVHFXWLYH DSSHDUDQFH RI 38V RQ WKH SHUIRUPDQFH RI 68V LV LJQRUHG :H EHOLHYH WKDW
FRQVHFXWLYH VSHFWUXP KDQGRII &6+ E\ 68V DPRQJ GLIIHUHQW XQRFFXSLHG VSHFWUD KDV D QHJDWLYH
HIIHFW RQ WKH ZKROH SHUIRUPDQFH
7KH FRQWULEXWLRQ RI WKLV SDSHU LV WZRIROG
• ,QFUHDVLQJ WKH VSHFWUXP FDSDFLW\ IRU DG KRF QHWZRUNV XVLQJ &5 WHFKQRORJ\
• 5HGXFLQJ WKH QXPEHU RI &6+ LQ FDVH RI WKH DSSHDUDQFH RI 38V
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7R DFKLHYH RXU JRDO D QHZ VFKHPH IRU VSHFWUXP VKDULQJ XQGHU D KHWHURJHQHRXV VSHFWUXP
HQYLURQPHQW RI OLFHQVHG DQG XQOLFHQVHG EDQGV LV LQWURGXFHG :H EHOLHYH WKDW PRVW RI WKH ZLUHOHVV
GHYLFHV LQ WKH IXWXUH ZLOO KDYH &5 FDSDELOLWLHV DQG RQO\ IHZ GHYLFHV ZLOO EH ZLUHOHVV GHYLFHV
ZLWKRXW &5 VXSSRUW 6LQFH WKH OLFHQVHG EDQGV FRYHU D ODUJH JHRJUDSKLFDO DUHD DQG D VLJQLI FDQW
SRUWLRQ RI WKLV VSHFWUXP LV XQXVHG ZH VXSSRVH WKDW DQ 68 ZLOO XWLOL]H WKH OLFHQVHG EDQGV DV
RSHUDWLQJ EDQGV OHDYLQJ WKH ZKROH XQOLFHQVHG EDQG DV D EDFNXS LQ FDVH RI WKH DSSHDUDQFH RI 38V
(DFK 68ZLOO EH DVVLJQHG D EDFNXS FKDQQHO EDVHG RQ LWV 0$& DGGUHVV 6LQFH WKH0$& DGGUHVV RI
HDFK QRGH LV NQRZQ IRU WKH RWKHU QHLJKERULQJ QRGHV LW LV HDV\ IRU D QRGH WR FDOFXODWH WKH EDFNXS
FKDQQHO IRU LWV QHLJKERUV LQ D GLVWULEXWHG PDQQHU 7KH DGYDQWDJHV RI XVLQJ XQOLFHQVHG FKDQQHOV
DV EDFNXS FKDQQHOV DUH  WKH EORFNLQJ RU GDWD WUDQVPLVVLRQ WHUPLQDWLRQ SUREDELOLW\ ZLOO EH
UHGXFHG LQ FDVH RI WKH DSSHDUDQFH RI 38V  QR &6+ LV QHHGHG DQ\PRUH  WKH XQOLFHQVHG EDQG
ZLOO EH OHIW WR WKH IHZ QXPEHU RI ZLUHOHVV GHYLFHV WKDW KDYH QR &5 FDSDELOLWLHV DQG WKHUHIRUH DQ
HQKDQFHPHQW RI WKH RYHUDOO V\VWHP FDSDFLW\ ZLOO EH UHDFKHG
7KH UHVW RI WKLV SDSHU LV RUJDQL]HG DV IROORZV $Q RYHUYLHZ DERXW UHODWHG ZRUN LV SUHVHQWHG LQ
VHFWLRQ  6SHFWUXP KDQGRII LQ &5 LV VKRZQ LQ VHFWLRQ  7KH SURSRVHG VFKHPH LV LQWURGXFHG LQ
VHFWLRQ  )LQDOO\ FRQFOXVLRQ LV SUHVHQWHG LQ VHFWLRQ 
 5HODWHG :RUN
,Q PRVW RI WKH H[LVWLQJ VSHFWUXP VKDULQJ VFKHPHV LQ WKH OLWHUDWXUH >&:. && +&:&
.$ /+ 0+6 7'3&@ WKH DXWKRUV DVVXPH WKDW 68V XVH RQO\ D SDUWLFXODU SRRO RI
OLFHQVHG FKDQQHOV RSSRUWXQLVWLFDOO\ ZKHQ 38V DUH QRW SUHVHQW ,Q FDVH RI DQ DSSHDUDQFH RI 38V
WKH WUDQVPLVVLRQ RI 68V ZLOO EH EORFNHG XQWLO DQRWKHU IUHH OLFHQVHG FKDQQHO LV IRXQG RU LW ZLOO
EH GURSSHG LI WKHUH DUH QR DYDLODEOH FKDQQHOV ,Q WKHLU VFKHPHV WKH\ DVVXPH WKDW XQOLFHQVHG
FKDQQHOV DUH VDWXUDWHG DQG DQ\ QHZ FRPPXQLFDWLRQ VKRXOG EH GLUHFWHG WR OLFHQVHG FKDQQHOV
7KHUHIRUH WKH HIIHFW RI XQOLFHQVHG FKDQQHOV RQ WKH EHKDYLRU RI 68V LV QHJOHFWHG E\ WKHP
6SHFWUXP VKDULQJ LQ &5 QHWZRUNV FDQ EH UHJDUGHG WR EH VLPLODU WR PXOWLFKDQQHO PHGLXP
DFFHVV FRQWURO LQ H[LVWLQJ ZLUHOHVV V\VWHPV ZLWK VRPH PRGLI FDWLRQ *HQHUDOO\ PXOWLFKDQQHO
0$& SURWRFROV DUH FODVVLI HG >06:@ LQ
 'HGLFDWHG &RQWURO &KDQQHO ZKHUH RQH GHGLFDWHG FKDQQHO LV XVHG WR WUDQVPLW FRQWURO PHV
VDJHV 7KLV FKDQQHO VKRXOG EH PRQLWRUHG E\ DOO QRGHV DQG VKRXOG EH DYDLODEOH PRVW RI WKH
WLPH >&:. && +&:& /+ 0+6 7'3&@
 &RPPRQ +RSSLQJ ZKHUH DOO QRGHV KRS EHWZHHQ DOO FKDQQHOV XVLQJ D SUHGHI QHG SDWWHUQ
:KHQ ERWK VRXUFH DQG GHVWLQDWLRQ H[FKDQJH FRQWURO PHVVDJHV VXFFHVVIXOO\ WKH\ VWRS
KRSSLQJ DQG VWDUW WUDQVPLWWLQJ WKH GDWD $IWHU I QLVKLQJ WKH\ UHWXUQ EDFN WR WKH RULJLQDO
KRSSLQJ SDWWHUQ
 6SOLW 3KDVH ZKHUH WLPH LV GLYLGHG LQWR SKDVHV VXFK DV FRQWURO DQG GDWD SKDVHV 'XULQJ WKH
FRQWURO SKDVH DOO QRGHV VZLWFK WR WKH FRQWURO FKDQQHO DQG GHFLGH ZKLFK FKDQQHO ZLOO EH
XVHG IRU WKH XSFRPLQJ GDWD WUDQVIHUV $IWHU D VXFFHVVIXO WUDQVPLVVLRQ RI FRQWURO PHVVDJHV
GDWD WUDQVPLVVLRQ WDNHV SDUW GXULQJ WKH GDWD SKDVH
   9ROXPH  
$ 1RYHO 2SSRUWXQLVWLF 6SHFWUXP 6KDULQJ 6FKHPH IRU &RJQLWLYH $G +RF 1HWZRUNV
 0XOWLSOH 5HQGH]YRXV ZKHUH PXOWLSOH QRGHV FDQ H[FKDQJH FRQWURO LQIRUPDWLRQ VLPXOWD
QHRXVO\ RQ GLIIHUHQW FKDQQHOV (DFK QRGH NQRZV LQ DGYDQFH WKH KRSSLQJ VHTXHQFH RI WKH
RWKHU QRGHV 7KHUHIRUH H[FKDQJLQJ FRQWURO PHVVDJHV ZLOO EH SRVVLEOH EHFDXVH WKH WUDQV
PLWWHU NQRZV WKH KRSSLQJ VHTXHQFH RI WKH LQWHQGHG UHFHLYHU
$V FDQ EH VHHQ IURP WKH FODVVLI FDWLRQ PRVW RI WKH 0$& SURWRFROV SURSRVHG LQ WKH OLWHUDWXUH
GR EHORQJ WR WKH GHGLFDWHG FRQWURO FKDQQHO FODVV DQG VR GRHV RXU SURSRVHG VFKHPH +RZHYHU
RXU HQYLVLRQ LV GLIIHUHQW IURP WKH DERYH VFKHPHV LQ WKH ZD\ KRZ WKH DYDLODEOH VSHFWUXP SRRO
ZLOO EH PDQDJHG :H DVVXPH WKDW HDFK QRGH KDV D VSHFWUXP SRRO IURP GLIIHUHQW EDQGV 7KH
OLFHQVHG EDQG ZLOO EH XVHG DV WKH RSHUDWLQJ EDQG LQ FDVH RI WKH DEVHQFH RI 38V DQG WKH XQOLFHQVHG
EDQG ZLOO EH XVHG DV EDFNXS EDQG LQ FDVH RI WKH DSSHDUDQFH RI 38V ,I DOO WKH OLFHQVHG EDQG
FKDQQHOV DUH RFFXSLHG DOO DGGLWLRQDO WUDQVPLVVLRQV ZLOO EH VZLWFKHG WR RQH RI WKH IUHH XQOLFHQVHG
EDQG FKDQQHOV ,I DOO FKDQQHOV DUH RFFXSLHG DQ\ IXUWKHU WUDQVPLVVLRQ ZLOO EH EORFNHG $V ZH
PHQWLRQHG EHIRUH &6+ LV RQH RI WKH PDLQ QHJDWLYH LPSDFWV RQ WKH SHUIRUPDQFH RI 68V DQG
WKHUHIRUH HII FLHQW VSHFWUXP KDQGRII VFKHPH VKRXOG EH LQWURGXFHG 7KH QH[W VHFWLRQ SUHVHQWV DQ
RYHUYLHZ DERXW VSHFWUXP KDQGRII DQG GLIIHUHQW SRVVLEOH W\SHV RI LW
 6SHFWUXP +DQGRII
,Q &5 QHWZRUNV VSHFWUXP KDQGRII DULVHV ZKHQ WKH 38 DSSHDUV ,Q WKLV VLWXDWLRQ WKH 68 KDV WR
VXVSHQG KLV WUDQVPLVVLRQ DQG PRYH WR DQRWKHU IUHH FKDQQHO 7KLV SURFHVV FRQWLQXHV FRQVHFXWLYHO\
HDFK WLPH D 38 DSSHDUV 7KLV LV FDOOHG &6+ DV PHQWLRQHG EHIRUH 7KLV SURFHVV LV D FKDOOHQJH
LQ &5 WHFKQRORJ\ DQG D QHZ VFKHPH LV QHHGHG WR UHGXFH LWV QHJDWLYH LPSDFW 'LIIHUHQW VFKHPHV
PD\ EH XVHG E\ DQ 68 WR FRPSOHWH WKH UHVW RI LWV GDWD WUDQVPLVVLRQ ,Q WKLV VHFWLRQ WZR H[LVWLQJ
VFKHPHV ZLOO EH LQWURGXFHG IROORZHG E\ RXU SURSRVHG VFKHPH
 1R VSHFWUXP KDQGRII
,Q WKLV VFKHPH DQ 68 ZLOO VWRS LWV WUDQVPLVVLRQ EHFDXVH RI WKH DSSHDUDQFH RI D 38 RQ WKH RSHU
DWLQJ FKDQQHO 7KH 68 ZLOO UHVXPH LWV WUDQVPLVVLRQ DV VRRQ DV WKH 38 I QLVKHV LWV WUDQVPLVVLRQ
7KLV SURFHVV ZLOO FRQWLQXH XQWLO WKH 68 I QLVKHV LWV WUDQVPLVVLRQ 7KH GLVDGYDQWDJH RI WKLV VWUDW
HJ\ LV WKH ZDVWHG WLPH XQWLO WKH 38 I QLVKHV KLV WUDQVPLVVLRQ
 6SHFWUXP KDQGRII WR DQRWKHU IUHH VSHFWUXP KROH
,Q WKLV VFKHPH DQ 68 ZLOO VZLWFK WR DQRWKHU IUHH KROH LQ WKH OLFHQVHG EDQG LQ FDVH RI WKH DS
SHDUDQFH RI D 38 LQ WKH RSHUDWLQJ FKDQQHO 7KLV SURFHVV ZLOO FRQWLQXH WLOO WKH 68 I QLVKHV LWV
WUDQVPLVVLRQ 7KH GLVDGYDQWDJH RI WKLV VWUDWHJ\ LV WKH LQFUHDVHG WUDQVPLVVLRQ WLPH IRU DQ 68
FDXVHG E\ &6+ )XUWKHUPRUH WKH ORDG LQ WKH VSHFWUXP LQFUHDVHV GXH WR RQO\ SDUWO\ I QLVKHG
WUDQVPLVVLRQ RI SDFNHWV
 6SHFWUXP KDQGRII WR D EDFNXS FKDQQHO
7KLV VFKHPH LV DSSOLHG KHUH LQ WKLV SDSHU +HUH DQ 68 ZLOO VZLWFK WR D EDFNXS FKDQQHO IURP WKH
XQOLFHQVHG EDQG LQ FDVH RI WKH DSSHDUDQFH RI D 38 RQ WKH RSHUDWLQJ FKDQQHO VLQFH XQOLFHQVHG
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EDQGV DUH SULPDU\ IUHH EDQGV 7KH DGYDQWDJH RI WKLV VWUDWHJ\ LV WKDW WKHUH DUH QR &6+ DQ\PRUH
DQG SHU WUDQVPLVVLRQ WKH QXPEHU RI VSHFWUXP KDQGRII ZLOO EH UHGXFHG WR RQH KDQGRII RQO\
)LJXUH  ([DPSOH IRU FRJQLWLYH DG KRF QHWZRUN
 2SSRUWXQLVWLF 6SHFWUXP 6KDULQJ 6FKHPH
,Q WKLV SDSHU ZH LQFUHDVH WKH V\VWHP FDSDFLW\ IRU DG KRF QHWZRUNV XVLQJ WKH &5 WHFKQRORJ\
$ VLPSOH EXW HII FLHQW VSHFWUXP VKDULQJ VFKHPH %DVHG RQ WKH SURSRVHG VFKHPH DG KRF XVHUV
ZLOO RSHUDWH DQG FRPPXQLFDWH XQGHU D KHWHURJHQHRXV VSHFWUXP HQYLURQPHQW RI OLFHQVHG DQG
XQOLFHQVHG EDQGV 6LQFH LW FRYHUV D ODUJH JHRJUDSKLFDO DUHD DQG D VLJQLI FDQW SRUWLRQ RI WKH
VSHFWUXP LV QRW XWLOL]HG WKH OLFHQVHG EDQGV ZLOO EH XVHG DV RSHUDWLQJ FKDQQHOV 7KLV UHGXFHV
WKH ORDG LQ WKH XQOLFHQVHG EDQG )XUWKHUPRUH WKH XQOLFHQVHG EDQG LV D EDQG ZLWKRXW SULPDU\
XVHUV ZKLFK FDQ WULJJHU D VSHFWUXP KDQGRII 7KHUHIRUH WKH XQOLFHQVHG EDQGV FKDQQHOV ZLOO EH
XVHG DV EDFNXS FKDQQHOV ZKLFK OLPLWV WKH QXPEHU RI VSHFWUXP KDQGRII SHU WUDQVPLVVLRQ WR RQH
)RU H[DPSOH )LJXUH  VXSSRVHV D QHWZRUN RI WKUHH SULPDU\ XVHUV 38 38 38 DQG IRXU
VHFRQGDU\ XVHUV 68 68 68 68 7KH 38V DQG 68V RSHUDWH RYHU WKUHH OLFHQVHG FKDQQHOV
QDPHG &K &K &K DQG WKHUH DUH WZR FKDQQHOV  DQG  XVHG E\ 68V DV EDFNXS FKDQQHOV
LQ FDVH RI WKH DSSHDUDQFH RI 38V 6LQFH &K DQG &K DUH QRW XWLOL]HG E\ 38 DQG 38 WKH\
ZLOO EH XVHG DV RSHUDWLQJ FKDQQHOV IRU 68V ,Q FDVH RI WKH DSSHDUDQFH RI 38 DQG 38 WKH 68V
ZLOO VZLWFK LPPHGLDWHO\ WR EDFNXS FKDQQHOV  DQG  7KH GHWDLOHG GHVFULSWLRQ RI WKH SURSRVHG
VFKHPH ZLOO EH GHVFULEHG LQ WKH QH[W VHFWLRQ
 7KH SURSRVHG VFKHPH
,Q WKLV VHFWLRQ DQ RYHUYLHZ RI WKH SURSRVHG VFKHPH ZLOO EH JLYHQ )LUVW WKH RSHUDWLRQV RI WKH
SURSRVHG VFKHPH LV GHVFULEHG 6HFRQGO\ ZH ZLOO GLVFXVV WKH DGYDQWDJHV DQG GLVDGYDQWDJHV RI
WKH QHZ VFKHPH %HIRUH WKDW WKH DVVXPSWLRQV DUH VXPPDUL]HG EHORZ
• $OO QRGHV DUH DVVXPHG WR EH HTXLSSHG ZLWK &5 UDGLRV ,I QRGHV ZLWKRXW &5 VXSSRUW VKRXOG
EH LQFOXGHG WKH\ MXVW ORZHU WKH DYDLODEOH EDQGZLGWK DQG LQFUHDVH WKH GHOD\ LQ WKH XQOL
FHQVHG EDQG
   9ROXPH  
$ 1RYHO 2SSRUWXQLVWLF 6SHFWUXP 6KDULQJ 6FKHPH IRU &RJQLWLYH $G +RF 1HWZRUNV
• 7KHUH DUH WZR W\SHV RI DYDLODEOH VSHFWUXP OLFHQVHG DQG XQOLFHQVHG VSHFWUXP
• 2QH RI WKRVH FKDQQHOV ZLOO EH VHOHFWHG DV D FRPPRQ FRQWURO FKDQQHO IRU WUDQVPLWWLQJ DQG
UHFHLYLQJ FRQWURO PHVVDJHV
• /LFHQVHG FKDQQHOV FDQ EH DFFHVVHG E\ 38V DQG 68V RQ WKH EDVLV WKDW WKH 68 PD\ EH
SUHHPSWHG LQ FDVH RI WKH DSSHDUDQFH RI WKH 38
• (YHU\ QRGH LV DVVXPHG WR EH HTXLSSHG ZLWK WZR WUDQVFHLYHU 2QH RI WKH WZR WUDQVFHLYHU LV
XVHG IRU OLVWHQLQJ WR WKH FRQWURO PHVVDJHV DQG WKH RWKHU IRU ERWK UHFHLYLQJ DQG WUDQVPLWWLQJ
GDWD
'XULQJ QHWZRUN LQLWLDOL]DWLRQ SURFHVV HDFK QRGH ZLOO SUHGHI QH D FKDQQHO FDOOHG EDFNXS FKDQ
QHO IURP LWV IUHH XQOLFHQVHG FKDQQHOV 7KLV ZLOO EH DFKLHYHG E\ XVLQJ WKH IROORZLQJ HTXDWLRQ
%DFNXS FKDQQHO 0$&DGGUHVV PRG F ZKHUH F LV WKH QXPEHU RI XQOLFHQVHG FKDQQHOV 6LQFH
WKH 0$& DGGUHVV RI QHLJKERU QRGH LV NQRZQ E\ WKH URXWLQJ VHUYLFH WKH QHLJKERULQJ QRGHV LQ
WKH WUDQVPLVVLRQ UDQJH ZLOO FDOFXODWH WKH EDFNXS FKDQQHO IRU VXUURXQGLQJ QRGHV LQ D GLVWULEXWHG
PDQQHU XVLQJ WKH SUHYLRXV HTXDWLRQ ZLWKRXW WKH QHHG WR H[FKDQJH IXUWKHU FRQWURO PHVVDJHV RU
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)LJXUH  )ORZ FKDUW IRU WKH SURSRVHG VFKHPH
,Q WKLV VHFWLRQ WKH VWHSV IRU WKH SURSRVHG VFKHPH ZLOO EH GHVFULEHG DV IROORZV
3URF :RZ.L96    
(&($667
 7KH VHQGHU ZLOO VFDQ DOO DYDLODEOH FKDQQHOV WKLV LQFOXGHV DOO FKDQQHOV IURP ERWK OLFHQVHG
DQG XQOLFHQVHG EDQGV XVLQJ LWV &5 FDSDELOLWLHV
 7KH EDFNXS FKDQQHO ZLOO EH VHOHFWHG IURP XQOLFHQVHG FKDQQHOV DFFRUGLQJ WR WKH HTXDWLRQ
SUHVHQWHG EHIRUH
 7KH VHQGHU ZLOO VRUW WKH DYDLODEOH OLFHQVHG FKDQQHOV DFFRUGLQJ WR WKHLU XWLOL]DWLRQ DQG WKH
FKDQQHO ZKLFK KDV ORZ XWLOL]DWLRQ ZLOO EH VHOHFWHG DV RSHUDWLQJ FKDQQHO
 7KH VHQGHU ZLOO VHQG D 5HTXHVW 7R 6HQG 576 FRQWURO PHVVDJH YLD WKH FRPPRQ FRQWURO
FKDQQHO 7KH PHVVDJH LQFOXGHV WKH RSHUDWLQJ FKDQQHO
 8SRQ UHFHLYLQJ WKH 576 WKH UHFHLYHU ZLOO FKHFN LI WKLV FKDQQHO LV DYDLODEOH DQG WKHUHIRUH
VHQGV D &OHDU 7R 6HQG &76 FRQWURO PHVVDJH ,I WKLV FKDQQHO LV QRW DYDLODEOH QR &76 ZLOO
EH VHQW
 8SRQ UHFHLYLQJ WKH &76 GDWD WUDQVPLVVLRQ ZLOO EHJLQ RQ WKH RSHUDWLQJ FKDQQHOV
 7KH UHFHLYHU NQRZV LQ DGYDQFH WKH EDFNXS FKDQQHO IRU WKH VHQGHU EHFDXVH WKH 0$& DG
GUHVV LV NQRZQ IRU DOO QHLJKERUV LW LV HDV\ WR FDOFXODWH WKH EDFNXS FKDQQHO IRU HDFK QRGH
7KLV FKDQQHO ZLOO EH XVHG LQ FDVH RI WKH DSSHDUDQFH RI 38 RQ WKH RSHUDWLQJ FKDQQHO
 ,Q FDVH RI WKH DSSHDUDQFH RI D 38 ERWK VHQGHU DQG UHFHLYHU ZLOO VZLWFK LPPHGLDWHO\ WR WKH
EDFNXS FKDQQHO DQG UHVXPH WKH WUDQVPLVVLRQ
,I WKHUH DUH QR OLFHQVHG FKDQQHOV DYDLODEOH 68V ZLOO WUDQVPLW LWV GDWD WKURXJK WKH XQOLFHQVHG
FKDQQHOV DV XVXDO 7KH I RZ FKDUW RI WKH SURSRVHG VFKHPH LV VKRZQ LQ )LJXUH 
 7KH DGYDQWDJH DQG GLVDGYDQWDJH RI WKH SURSRVHG VFKHPH
7KH DGYDQWDJH XVLQJ WKH SURSRVHG VFKHPH DUH
 7KH V\VWHP FDSDFLW\ ZLOO EH LQFUHDVHG
 7KH EORFNLQJ DQG GDWD WHUPLQDWLRQ SUREDELOLWLHV ZLOO EH UHGXFHG LI WKH SULPDU\ XVHU DS
SHDUV
 7KH WLPH QHHGHG IRU I QGLQJ D QHZ FKDQQHO IRU FRPSOHWLQJ WKH WUDQVPLVVLRQ LV PLQLPL]HG
2QH GUDZEDFN LV WKH FROOLVLRQ WKDW PD\ KDSSHQ ZKHQ 68V VZLWFK WR D EDFNXS FKDQQHO WKDW LV DO
UHDG\ RFFXSLHG E\ RWKHU 68V RU XVHUV ZLWKRXW &5 VXSSRUW 7KH EDFNXS FKDQQHO PD\ EH RFFXSLHG
LI 
• 68V QHLJKERUV KDYH QR FRJQLWLYH FDSDELOLWLHV DQG WKHUHIRUH WKH\ ZLOO XVH WKH XQOLFHQVHG
FKDQQHOV DV RSHUDWLQJ FKDQQHOV KRZHYHU WKLV KDV QR HIIHFW VLQFH WKH PDLQ DVVXPSWLRQ RI
WKH SURSRVHG VFKHPH LV WKDW DOO QRGHV DUH HTXLSSHG ZLWK &5 UDGLRV RU
• 7KH QXPEHU RI 68V LV JUHDWHU WKDQ WKH XQOLFHQVHG FKDQQHOV WKDW ZLOO EH XVHG DV D EDFNXS
FKDQQHOV 7KHUHIRUH WKHUH LV D SUREDELOLW\ WKDW WZR 68V KDYH WKH VDPH EDFNXS FKDQQHO
   9ROXPH  
$ 1RYHO 2SSRUWXQLVWLF 6SHFWUXP 6KDULQJ 6FKHPH IRU &RJQLWLYH $G +RF 1HWZRUNV
 $QDO\VLV DQG UHVXOWV
,Q WKLV VHFWLRQ DQ HYDOXDWLRQ RI WKH SURSRVHG VFKHPH ZLOO EH JLYHQ )LUVWO\ WKH EDVLF DVVXPSWLRQ
ZLOO EH VXPPDUL]HG 6HFRQGO\ WKH DQDO\WLFDO PRGHO RI WKH SURSRVHG VFKHPH ZLOO EH SUHVHQWHG
• 7KH PD[LPXP QXPEHUV RI OLFHQVHG DQG XQOLFHQVHG FKDQQHOV ZLWKLQ WKH WUDQVPLVVLRQ UDQJH
RI D JLYHQ QRGH DUH DVVXPHG WR EH F DQG F UHVSHFWLYHO\
• 7KH DUULYDO SURFHVV RI 38V DQG 68V LV DVVXPHG WR EH 3RLVVRQ ZLWK UDWH λ DQG λ UHVSHF
WLYHO\
• 7KH FDOO KROGLQJ WLPHV RI WKH 38V DQG 68V DUH DVVXPHG WR EH DQ H[SRQHQWLDO GLVWULEXWLRQ
ZLWK H[SHFWDWLRQ μ DQG

μ UHVSHFWLYHO\
7KH VWDWHV RI WKH V\VWHP LV GHVFULEHG E\ (L, M,N) ZKHUH L LV WKH QXPEHU RI OLFHQVHG FKDQQHOV
XVHG E\ 38V M LV WKH QXPEHU RI UHPDLQLQJ OLFHQVHG FKDQQHOV FL XVHG E\ WKH 68V DQG N LV WKH
QXPEHU RI XQOLFHQVHG FKDQQHOV XVHG E\ 68V DV EDFNXS FKDQQHOV 7KH VWDWH (L, M,N) FDQ EH PRYHG
WR DQRWKHU VWDWH GHSHQGLQJ RQ WKH DUULYDO DQG WKH GHSDUWXUH RI 38V RU 68V )RU H[DPSOH LW FDQ EH
PRYHG WR
• 6WDWH (L+ , M− ,N) EHFDXVH RI WKH DUULYDO RI D 38 7KLV FDVH FDOOHG FRPSOHWH SUHHPS
WLRQ 7KLV LV GRQH EHFDXVH WKHUH LV QR DYDLODEOH EDFNXS FKDQQHOV IRU 68V WR FRPSOHWH KLV
WUDQVPLVVLRQ LH F N
• 6WDWH (L+ , M− ,N+ ) EHFDXVH RI WKH DUULYDO RI D 38 7KLV FDVH FDOOHG SUHHPSWLRQ DQG
KDQGRII WR EDFNXS FKDQQHO 7KLV LV GRQH EHFDXVH WKHUH DUH DYDLODEOH EDFNXS FKDQQHOV IRU
68V WR FRPSOHWH GDWD WUDQVPLVVLRQ LH < N < F
/HW 3 (W) EH D UDQGRP YDULDEOH 59 GHQRWLQJ WKH QXPEHU RI 38V RFFXS\LQJ WKH SULPDU\
FKDQQHOV DW WLPH W /HW 3 (W) EH D 59 GHQRWLQJ WKH QXPEHU RI 68V RFFXS\LQJ WKH SULPDU\
FKDQQHOV DW WLPH W /HW 3 (W) EH D 59 GHQRWLQJ WKH QXPEHU RI 68V RFFXS\LQJ WKH VHFRQGDU\
FKDQQHOV DW WLPH W 7KH SURFHVV FDQ EH PRGHOHG DV WKUHHGLPHQVLRQDO 0DUNRY SURFHVV ZLWK VWDWH
VSDFH 6= {(L, M,N) | ≤ L≤ F ≤ M ≤ F− L,≤ N ≤ F} /HW SL, M,N, (W) EH WKH MRLQW GLVWULEXWLRQ
RI 3 (W) , 3 (W) , DQG 3 (W) DQG OHW SL, M,N, EH LWV OLPLW
8VLQJ WKH LWHUDWLYH WHFKQLTXH WKH DOO SRVVLEOH VWHDG\VWDWH SUREDELOLWLHV SL, M,N FDQ EH REWDLQHG
2QFH WKH SUREDELOLWLHV SL, M,N DUH REWDLQHG WKH EORFNLQJ SUREDELOLW\ IRU 68V FDQ EH GHULYHG $Q
68 JHWV EORFNHG LI XSRQ LWV DUULYDO LQ D VHUYLFH DUHD DOO WKH FKDQQHOV DUH RFFXSLHG E\ HLWKHU 38
DQGRU 68 7KXV WKH EORFNLQJ SUREDELOLW\ 3E FDQ EH ZULWWHQ DV IROORZV
3E = ∑FL= SL,F−L,F
:H XVHG WKH SUHYLRXVO\ GHULYHG HTXDWLRQ WR LQYHVWLJDWH WKH SHUIRUPDQFH RI 68 ZKLOH YDU\LQJ
WKH YDOXH RI SULPDU\ FKDQQHOV F 7KH YDOXH RI F LV VHW WR  FKDQQHOV VLQFH WKH ,((( E
VWDQGDUG VXSSRUWV WKUHH QRQRYHUODSSLQJ FKDQQHOV ,I ,((( D VWDQGDUG LV XVHG WKHQ F ZLOO
EH VHW WR  FKDQQHOV 7KH SHUIRUPDQFH RI WKH 68V LV PHDVXUHG XVLQJ GLIIHUHQW DUULYDO DQG VHUYLFH
UDWHV )LUVWO\ ZH VKRZ WKH LPSDFW RI WKH SULPDU\ FKDQQHOV F DQG WKH YDULDWLRQ RI WKH DUULYDO UDWH
3URF :RZ.L96    
(&($667
)LJXUH  %ORFNLQJ SUREDELOLW\ IRU VHFRQGDU\ XVHU YV DUULYDO UDWH λ



























)LJXUH  %ORFNLQJ SUREDELOLW\ IRU VHFRQGDU\ XVHU YV VHUYLFH UDWH μ
λ RQ WKH EORFNLQJ RI WKH 68V 7KH IROORZLQJ SDUDPHWHUV KDYH EHHQ XVHG F = ,, DQG
 < λ ≤ . λ = . μ = . DQG μ = . $V VKRZQ LQ )LJXUH  WKH EORFNLQJ SUREDELOLW\
IRU 68V LQFUHDVH ZLWK UHVSHFW WR WKH DUULYDO UDWH RI 38 λ 7KLV FDQ EH H[SODLQHG DV IROORZV $V λ
LQFUHDVHV DQG XQFKDQJHG VHUYLFH WLPH μ WKH QXPEHU RI DYDLODEOH FKDQQHOV WKDW FDQ EH DFFHVVHG
RSSRUWXQLVWLFDOO\ E\ WKH 68V UHGXFHV ZKLFK ZLOO OHDG WR KLJKHU EORFNLQJ SUREDELOLW\ IRU 68V
6HFRQGO\ ZH VKRZ WKH HIIHFW RI WKH YDULDWLRQ RI WKH VHUYLFH UDWH μ RQ WKH EORFNLQJ RI WKH
68V 7KH IROORZLQJ SDUDPHWHUV KDYH EHHQ XVHG F = ,, DQG  < μ ≤ . μ = . DQG
λ  ,W LV REYLRXV WKDW ZKHQ WKH VHUYLFH UDWH μ LQFUHDVHV WKH FKDQQHO KROGLQJ WLPH IRU 38 ZLOO
EH GHFUHDVHG ZKLFK OHDGV WR PRUH SULPDU\ FKDQQHOV EHLQJ DYDLODEOH $V D UHVXOW WKH EORFNLQJ
SUREDELOLW\ IRU 68 ZLOO EH GHFUHDVHG VLQFH WKH DUULYDO UDWH RI 38 LV I [HG λ  DV VKRZQ LQ
)LJXUH  )LJXUH  GHSLFWV WKH EORFNLQJ SUREDELOLW\ IRU 68V LQ D GLIIHUHQW VSHFWUXP HQYLURQPHQW
7KH I JXUH VKRZV WKDW RSHUDWLQJ XQGHU KHWHURJHQHRXV HQYLURQPHQW RI OLFHQVHG DQG XQOLFHQVHG
FKDQQHOV ZLOO UHGXFH WKH EORFNLQJ SUREDELOLW\ RI 68V
   9ROXPH  
$ 1RYHO 2SSRUWXQLVWLF 6SHFWUXP 6KDULQJ 6FKHPH IRU &RJQLWLYH $G +RF 1HWZRUNV
0 0.2 0.4 0.6


























With licensed channels only
Both licensed and unlicensed channels
)LJXUH  %ORFNLQJ SUREDELOLW\ IRU VHFRQGDU\ XVHU ZLWK DQG ZLWKRXW XVLQJ OLFHQVHG FKDQQHOV YV
DUULYDO UDWH λ
 &RQFOXVLRQ
,Q WKLV SDSHU D QRYHO VSHFWUXP VKDULQJ VFKHPH IRU IXWXUH DG KRF FRPPXQLFDWLRQV KDV EHHQ LQWUR
GXFHG %\ DSSO\LQJ WKLV VFKHPH WKH EORFNLQJ SUREDELOLW\ IRU 68 ZLOO EH UHGXFHG )XUWKHUPRUH
WKH QXPEHU RI VSHFWUXP KDQGRIIV LV UHGXFHG WR RQH RQO\ 7KH PDLQ LGHD RI WKH VFKHPH LV WKH XVDJH
RI WKH OLFHQVHG EDQGV DV RSHUDWLQJ EDQG DQG WKH XQOLFHQVHG EDQGV DUH XVHG DV EDFNXS FKDQQHOV
LQ FDVH RI WKH DSSHDUDQFH RI SULPDU\ XVHUV ,Q IXWXUH RWKHU SHUIRUPDQFH PHWULFV OLNH GURSSLQJ
SUREDELOLW\ DQG WKURXJKSXW ZLOO EH GHULYHG $OVR D YDOLGDWLRQ IRU WKH DQDO\WLFDO PRGHO ZLOO EH
GRQH WKURXJK D VLPXODWLRQ
%LEOLRJUDSK\
>$/90@ , ) $N\LOGL] :< /HH 0 & 9XUDQ 6 0RKDQW\ 1H;W *HQHUDWLRQ'\QDPLF
6SHFWUXP $FFHVV&RJQLWLYH 5DGLR :LUHOHVV 1HWZRUNV $ 6XUYH\ &RPSXWHU 1HW
ZRUNV -RXUQDO (OVHYLHU ± 6HSWHPEHU 
>$/90@ , ) $N\LOGL] :< /HH 0 & 9XUDQ 6 0RKDQW\ $ VXUYH\ RQ VSHFWUXP PDQDJH
PHQW LQ FRJQLWLYH UDGLR QHWZRUNV >FRJQLWLYH UDGLR FRPPXQLFDWLRQV DQG QHWZRUNV@
± $SULO 
>&&@ & &RUGHLUR . &KDOODSDOL &0$& $ &RJQLWLYH 0$& 3URWRFRO IRU 0XOWL&KDQQHO
:LUHOHVV 1HWZRUNV ,Q 3URF QG ,((( ,QWHUQDWLRQDO 6\PSRVLXP RQ 1HZ )URQWLHUV
LQ '\QDPLF 6SHFWUXP $FFHVV 1HWZRUNV '\63$1  3S ±  $SULO

>&:.@ $ &KLD&KXQ +VX ' 6 / :HLW & & - .XR $ &RJQLWLYH 0$& 3URWRFRO 8VLQJ
6WDWLVWLFDO &KDQQHO $OORFDWLRQ IRU :LUHOHVV $G+RF 1HWZRUNV ,Q 3URF ,((( :LUH
OHVV &RPPXQLFDWLRQV DQG 1HWZRUNLQJ &RQIHUHQFH :&1&  3S ± 
 0DUFK 
3URF :RZ.L96    
(&($667
>+&:&@ 6< +XQJ <& &KHQJ ( + . :X *+ &KHQ $Q 2SSRUWXQLVWLF &RJQLWLYH
0$& 3URWRFRO IRU &RH[LVWHQFH ZLWK :/$1 ,Q 3URF ,((( ,QWHUQDWLRQDO &RQIHU
HQFH RQ &RPPXQLFDWLRQV ,&&  3S ±  0D\ 
>.$@ < 5 .RQGDUHGG\ 3 $JUDZDO 6\QFKURQL]HG 0$& 3URWRFRO )RU 0XOWL+RS &RJQL
WLYH 5DGLR 1HWZRUNV ,Q 3URF ,((( ,QWHUQDWLRQDO &RQIHUHQFH RQ &RPPXQLFDWLRQV
,&&  3S ±  0D\ 
>/+@ / /H ( +RVVDLQ 26$0$& $ 0$& 3URWRFRO IRU 2SSRUWXQLVWLF 6SHFWUXP $F
FHVV LQ &RJQLWLYH 5DGLR 1HWZRUNV ,Q 3URF ,((( :LUHOHVV &RPPXQLFDWLRQV DQG
1HWZRUNLQJ &RQIHUHQFH :&1&  3S ±  0DUFK $SULO 
>0+6@ / 0D ; +DQ && 6KHQ '\QDPLF 2SHQ 6SHFWUXP 6KDULQJ IRU :LUHOHVV $G +RF
1HWZRUNV ,Q 3URF ,((( ,QWHUQDWLRQDO 6\PSRVLXP RQ 1HZ )URQWLHUV LQ '\QDPLF
6SHFWUXP $FFHVV 1HWZRUNV '\63$1  3S ±  1RYHPEHU 
>0LW@ - 0LWROD &RJQLWLYH UDGLR $Q LQWHJUDWHG DJHQW DUFKLWHFWXUH IRU VRIWZDUH GHI QHG
UDGLR 3K' WKHVLV 5R\DO ,QVW 7HFKQRO .7+ 6WRFNKROP 6ZHGHQ 
>00@ - 0LWROD - 0DJXLUH * 4 &RJQLWLYH UDGLR PDNLQJ VRIWZDUH UDGLRV PRUH SHUVRQDO
,((( 3HUVRQDO &RPPXQLFDWLRQV ± $XJXVW 
>06:@ - 0R +6 6R - :DOUDQG &RPSDULVRQ RI 0XOWL&KDQQHO 0$& 3URWRFROV ,(((
7UDQVDFWLRQV RQ 0RELOH &RPSXWLQJ ± -DQDXU\ 
>1H[@ 7KH 1H[W *HQHUDWLRQ 3URJUDP KWWSZZZGDUSDPLOVWR VPDOOXQLWRSV [JKWPO
>7'3&@ 0 7LPPHUV $ 'HMRQJKH / YDQ GHU 3HUUH ) &DWWKRRU $ 'LVWULEXWHG 0XOWLFKDQ
QHO 0$& 3URWRFRO IRU &RJQLWLYH 5DGLR 1HWZRUNV ZLWK 3ULPDU\ 8VHU 5HFRJQLWLRQ
,Q 3URF QG ,QWHUQDWLRQDO &RQIHUHQFH RQ &RJQLWLYH 5DGLR 2ULHQWHG :LUHOHVV 1HW
ZRUNV DQG &RPPXQLFDWLRQV &URZQ&RP  3S ±  $XJXVW 
>WHF@ 5HSRUW RI WKH VSHFWUXP HII FLHQF\ ZRUNLQJ JURXS 7HFKQLFDO UHSRUW )HGHUDO &RP
PXQLFDWLRQV &RPPLVVLRQ 1RYHPEHU 
   9ROXPH  
